• Selected lanthanum-strontium-borate glasses were prepared by conventional melt--quenching technique • The density and the molar volume were increasing with increasing La 2 O 3 content • Oxygen molar volume values were increasing opposite to oxygen packing density values • The HSM results were employed for obtaining the viscosity curves using VFT equation and GS
A growing interest recently has been focused on alkaline earth-borate glasses due to their applications as laser hosts, nonlinear optical and other photonic devices [1] . The structure of vitreous B 2 O 3 consists of a random network of [BO 3 ] triangles connected by bridging oxygen at all three corners to form completely linked network. The addition of a network modifier in B 2 O 3 glass could induce the conversion of [BO 3 ] triangles to [BO 4 ] tetrahedra. This conversion of boron from 3-to 4-fold coordination occurs only until the network reaches some critical concentration of tetrahedral coordinated boron, and is then followed by a formation of non-bridging oxygen (NBO) caused by additional network modifier [2] . Therefore in borate glasses, the main structural units are both [BO 3 ] triangles and [BO 4 ] tetrahedra forming boroxol rings and chains with different number of NBO [2] .
The present study aims to characterize the physical and structural properties of the selected lanthanum-strontium borate glasses. Glass compositions for the synthesis were selected within the glass forming range of increasing content of La 2 O 3 , decreasing content of SrO and constant content of B 2 O 3 . Also, the goal of this work was to determine glass stability and viscosity behavior of the selected glasses. The physical and structural properties of the glasses were investigated by measuring the densities of the glass samples, and calculating the molar volume, oxygen molar volume, oxygen packing density values and ratios of oxygen to boron atoms [2, 3] . Differential thermal analysis (DTA) was applied to determine the glass transition temperature, T g , the crystallization onset, T x , and the crystallization peak temperature, T p . Hot stage microscope (HSM) was acquired for estimation the temperatures of: the first shrinkage (T FS ), the maximum shrinkage (T MS ), the deformation (T D ), the sphere T S , the half-ball temperature (T HB ) and the flow temperature (T F ). The glass stability (GS) parameters were calculated on the basis of these characteristic temperatures. Viscosity curves of the glasses were set based on the results from the HSM using the Vogel-Fulcher-Tamman (VFT) relation [4] .
EXPERIMENTAL
The glasses with nominal composition yLa 2 3 were used as raw materials, mixed and homogenized in an agate mortar. Covered crucible and relatively short melting time at relatively low temperature were applied in order to minimize boron evaporation. The melt was cast and cooled on a stainless steel plate in air at room temperature. The measurements of the weight loss due to the melting indicated that the glasses were within 1-2 wt.% of the desired compositions. The obtained glasses were transparent without visible bubbles. The densities of the glasses were determined by using the pycnometer method, with uncertainty ±0.01.
A hot-stage microscope (E. Leitz Wetzlar) equipped with a Cannon camera, and differential thermal analysis (DTA) were used to determine the characteristic temperatures during the heating of the glass powder. The samples were prepared by crushing and grinding the bulk glass in an agate mortar and sieving to grain size < 0.048 mm. The DTA curves were recorded by a Netzch STA 409 EP instrument at the heating rate 10 °C min -1 , using Al 2 O 3 as a reference material.
HSM analysis was performed on the previously prepared glass powder pressed into cylinders, which were placed on a platinum plate, on an alumina support, contacted with a (Pt/Rh/Pt) thermocouple. The heating rate was 10 °C min -1 . With temperature increase, the geometric shape of the samples changed. Micrographs obtained were used to determine the temperatures corresponding to the typical glass viscosity points [5] [6] [7] . Combination of the DTA and HSM methods enabled determination of the GS parameters. The HSM results were applied to obtain viscosity curves using the VFT relation [4, 5] .
RESULTS AND DISCUSSION
The densities (ρ) of the glass samples determined in the present study are shown in Table 1 . The molar volume (V m ) of the glass samples was calculated using the relative molecular mass (M) and density (ρ) by the following relation [8] :
These values are included in Table 1 together with the values of oxygen molar volume (V o ) and oxygen packing density (OPD), calculated using the following relations:
where n is the number of oxygen atoms per formula unit.
The following equation, based on the glass stoichiometry, was used for the calculated number of oxygen:
Number of oxygen 3 71.4
x y The photomicrographs for the glass sample 3, obtained by HSM, with the graphs of the shrinkage are shown in Figure 1 [11] . The shrinkage of the samples is determined by the ratios of A/A 0 and H/H 0 , where A 0 is the initial area of the sample whereas A is the area at the temperature T, H 0 is the initial height and H is the height at the temperature T.
The temperatures corresponding to the typical viscosity points were determined from the photomicrographs, by observing the geometric shape of the specimens, obtained by HSM (Figure 1) . The temperature of the first shrinkage (T FS ) is the temperature at the typical viscosity, log η = 9.1±0.1, where η is in dPa·s. At this temperature the sample shrinks to about 3-5% of its initial height. The temperature of the maximum shrinkage (T MS ) is the temperature where the sample shrinks to the maximum possible level, but still has sharp edges, before softening, at viscosity log η = 7.8±0.1. The T D is the point of log η = = 6.3±0.1 when the first signs of softening could be observed and the edges of the samples are rounded.
The T S is the temperature at which the sample becomes spherical, at log η = 5.4±0.1, whereas the half-ball temperature (T HB ), at log η = 4.1±0.1, is the temperature at which the observed section of the sample forms a semicircle. The flow temperature (T F ) is the temperature at which the height of the drop of molten glass corresponds to a unit on the microscopic scale, at log η = 3.4±0.1 [5] . These temperatures obtained by DTA and HSM were used to determine the GS parameters, the Hruby parameter, K H , the Weinberg, K W , and the parameter K LL proposed by Lu and Liu [12] . Within this work, the used T F was determined by HSM.
The glass stability parameters are defined by the equations:
The calculated parameters for the glasses are shown in Table 3 . The resistance of a given glass against crystallization upon reheating defines GS. High values of the parameters indicate high glass stability, higher stability of the glass with respect to devitrification. The lowest values of the parameters are related to the sample 3. This glass shows the smallest GS and the highest tendency toward crystallization [11] . Increase of lanthanum content in the glasses was followed with decrease of the GS. The viscosity values of the glasses and VFT parameters were determined based on the photomicrographs and the typical temperatures, obtained by HSM:
where η is viscosity in dPa·s, A, B and T 0 (K) are constants. These constants were obtained from Eq. (8) by resolving a couple equations, using temperatures and viscosity values obtained by HSM (Table 4) . These equations are used to calculate the viscosity for the glasses, log η = f(T) as shown in Figure Table 4 ). 
CONCLUSION
The investigation of the physical properties of the glasses showed that the substitution of SrO by La 2 O 3 increased the density, molar volume, oxygen molar volume and decreased oxygen packing density. The density increase was attributed to the higher relative molecular mass of the glass containing more La 2 O 3 . The decrease of the oxygen packing density indicated a less tightly packed the glass network. The increase in the T g could be attributed to the greater 
